Torque and drag modeling is regarded as an invaluable process to assist in well planning and to predict and prevent drilling problems. It discusses how to use torque and drag calculations and measurements to plan long-reach well profiles, to execute drilling operations that minimize torque and drag effects and to monitor hole cleaning.
Introduction
The development of longer reach wells became very important not only to drain older fields more efficiently but also to reduce the number of offshore platforms on new development projects. There are number of causes for excessive torque and drag, including tight-hole conditions, sloughing shale, key seats, differential sticking, cuttings build-up caused by poor hole cleaning and sliding wellbore friction. Conversely, in wells with good hole conditions, the primary source of torque and drag is sliding friction [Johancsik 1984 , Sheppard 1987 , Lesage 1988 .
Torque and drag (T&D) modeling is required in well planning because it helps to predict and prevent drilling problems that might occur during the drilling process. Although T&D software has existed since the 1990s, some confusion still exists over the validity of the models that are used to characterize drilling operations, especially as we extend the length of modern horizontal wells.
The increased torque and drag could be due to ineffective hole cleaning, hole instability, differential sticking and solids in the mud system or the wellbore geometry. [Sheppard 1987 , MacDonald 1987 , Lesage 1988 and Brett 1989 .
Review of Previous Works
Torque and drag modeling has been originally started with Johancsik et al. (1984) and later put in a standard differential form by Sheppard et al. (1987) . Because of the simplicity and being user friendly, it has been extensively used in the field and industry applications.
All models discussed here are soft-string models. In other words the drillstring is assumed to be like a cable and forces due to bending moments have not been considered to affect the normal forces and thus friction. This is fairly good assumption as it may contribute small normal forces on the overall force balance. Moreover, although in reality the friction coefficient is not really a single coefficient. It is more a fudge factor that lumping other different factors. These factors are including mud system lubricity, cuttings bed, key seats, stabilizer and centerlizer interaction, differential sticking, dogleg severity (known and hidden), hydraulic piston effect, hydrodynamic viscous force etc.
Johancsik assumed both torque and drag are assumed to be caused entirely by sliding friction forces that result from contact of the drillstring with the wellbore. He then defines the sliding friction force to be a function of the normal contact force and the coefficient of friction between the contact surfaces based on Coulomb's friction model. He wrote the force balance for an element of the pipe considering the fact that the normal component of tensile force acting on the element contributing to the normal force. Of course this is not the case for a straight section like in hold section.
The normal force is given by the equation:
The above equation is then used to derive the equation for the tension increment which is used for drag calculations:
Where the plus and minus sign allows for pipe movement direction whether running in or pulling out of the hole.
And for the torsion increment which is used for torque calculations:
Later Sheppard et al. (1987) put the Johancsik's model into standard differential form and also took the mud pressure into account that acts upward when the drillstring is running inside hole.
Du and Zhang (1987) illustrated two field cases using catenary trajectories drilled in China. Liu et al. (2007 ), Han (1987 , 1997 and Liu (2007) discussed the methods for planning a catenary profile. , Lesage et al. (1988) , Brett et al. (1989) , Lesso et al. (1989) , , Wilson et al. (1992) , Alfsen et al. (1993) , Eek-Olsen et al. (1993 and Rae et al. (2005) all performed a field case study torque and drag analysis with the Johancsik's model (1984) with evaluating effect of different parameters. Maidla and Wojtanowicz (2000) used an experimental design to mimic real hole situation to measure friction factor for different mud types (i.e. oil-based or water-based mud) and different formation types. He and Kyllingstad (1995) discussed about the paper on relationship between torque and helical buckling in drilling. Maidla and Wojtanowicz (1987, b) also presented a new procedure for wellbore drag prediction. The procedure employed iteration over directional survey points, numerical integration between the stations and mathematical models of axial loads within pipe movement in the wellbore. The model considers some new effects such as hydrodynamic viscous drag, contact surface and dogleg angle. Luke and Juvkam-Wold (1993) investigated the effect of sheave friction in the block and tackle system of drilling line and they conclude that hook only is a function of deadline tension, number of lines between the blocks as well as sheave efficiency and block-movement direction. It also depends on the type of deadline sheave whether active or inactive. Feiber et al. (1999) developed a computer model for on-line torque and drag analysis which he assessed the borehole conditions based on calculating of the friction factors incrementally which starts calculating the hook load and torque bottom-up at each node with the bottom-end boundary conditions to be DWOB and DTOB and changing the friction factor until the calculated surface load matches the measured value. Fig. 1 shows the different sections of the pipe in the wellbore. Anston (1998) addressed techniques to minimize torque and drag in the wellbore including both mechanical and chemical methods. discussed application of catenary well profile in a well in North Sea that has been introduced by Sheppard (1987) and later changed it to modified catenary profile by Alfsen (1993) and which is a hyperbolic function well profile and the drillstring is hanging from two fixed points. This is like an ambitious profile that almost has zero contact force with the hole wall. The modified catenary curve demands a strict adherence to low dogleg severity in the shallow part of the well and a slow increase in build rate as depth increases. Moreover McClendo and Anders (1985) studied the catenary well profile and demonstrated its advantages over conventional methods. This development became very important not only to drain older fields more efficiently, but also to reduce the number of offshore platforms in new development projects. Payne et al. (1998) describes concerns regarding torque and drag considerations including buckling, cuttings bed and wellbore trajectory. Ho (1988) improved previous soft-string model into somehow stiff-string and showed that for most parts of the drillstring the stiffness effect like drillpipe, heavy-wall drillpipe is minor and for drillcollars is major and has to be taken into account. Opeyemi et al. (1998) perform both well planning and drillstring design by using a torque and drag analysis with considering all constrains might be encountered during planning phase. It also suggests that the torque and drag model which is used for planning and modeling processes should be updated with the dynamics of the field operation by performing drilling, tripping and frictional sensitivity analysis. This will ensure more precise understanding of wellbore/drillstring interactions from surface to TD.
An analysis of combining surface weight-on-Bit and surface torque i.e. (SWOB, ST) and downhole measurement of these values i.e. (DWOB, DTOB) gives a clearer picture of the drilling downhole. In this case the poor bit performance could be distinguished from other problems related to cuttings transport and differential sticking and thus the necessary action can be taken.
A review over design considerations and potential problems was presented by Guild et al. (1995) and later in 1996 the complete well design process had been described by Aadnoy and completed in 1998 by him. Aadnoy derived all equations for different sections of the wellbore profile including straight inclined sections and drop-off and build-up sections. He also derived the equation for a side bend to right or left in the wellbore geometry. Finally the modified catenary profile issues had been addressed. Schamp et al. (2006) suggested some industrial methods to reduce torque in the wellbore during drilling. He introduced two sources of torque in the wellbore: the frictional resistance between the rotating drillstring and the casing/borehole and the bit/stabilizer torque and proposed some methods to mitigate the frictional resistance Mason et al. (2007) pointed out different minor effects that have to be considered in the soft-string models in order to have a more realistic model. One of these factors is hydrodynamic viscous force. Another is tortuosity effect. Although the preplanned well is a smooth path, the crooked profile will be resulted in reality. For this reason the model has to take this effect into account. A crooked well path shows higher torque and drag values. The buckling of the tubular should also be taken into account in order to have a sense of excessive drag limit which may put the string in compression such that it buckles. has extensively derived the mathematical equations for catenary well profile. He then applied the developed equations into a field case study for an ultralong well with 10 km extended-reach and little friction reduction observed in comparison with conventional well profile as entrance to the catenary profile at the top creates extra friction. generalized the equations for different sections of the wellbore and the status of the pipe either moving up or down in order to be applied simpler.
Kaarstad and Aadnoy (2009) also studied experimental investigation of friction factor dependence on temperature and they observed an increase in friction coefficient with temperature and a temperature dependent friction coefficient model was presented. Mitchell ( , 2009 ) has used the previously torque and drag model and has been formulated such that the stiffness of the pipe will be included in the pipe. In his mathematical study he assumed the pipe as a beam member and calculated the bending moment over this beam as a result of forces acting on the beam.
Torque and Drag Models and Application of New 3-D Model
We have used two field case studies to analyze torque and drag predictions with three different models have been developed. The first model is Johancsik (1984) which is still applicable in the torque and drag simulators in the industry. The second model is the modified Texas A & M model. It was a 2-D model that we changed it into 3-D in order to be applicable for side bends as well as build/drop sections. The third model is a new analytic fully 3-dimensional torque and drag model was developed by Aadnoy, Fazaeli and Hareland (2009) which incorporates many more features. It introduces one single term, dog-leg severity, for both build/drop and side bend sections. With all these three models which seem to be the only available models up to now, we have analyzed two wells that has been drilled in North Sea, Norway. Hereafter we briefly point out these effects with hook load and torque plots for drilling-ahead conditions. In summary the new 3-D model is as follows: The model is divided into two sections of pipe-rotation and no pipe-rotation. The pipe rotations equations are for the cases which both axial and rotational motion of the pipe have been considered.
Axial motion only:
Drag for straight inclined wellbore sections without pipe rotation
Drag for curved wellbore sections without pipe rotation
Rotational motion only:
Torque for straight inclined wellbore sections without axial pipe motion
Torque for curved wellbore sections without axial motion | |
Combined axial motion and rotation:
The angle between the axial and tangential velocity is:
For straight pipe sections:
For curved pipe sections:
New Criteria in New 3-D Model
The new model assumes weightless pipe. This means that the pipe is always tensile forces are considered to be dominant over weight of the pipe and thus the pipe could be considered weightless. This would not be an accurate assumption for the heavy sections of the drillstring i.e. BHA. Fig. 3 shows the position of the pipe in the wellbore in a side bend. Drillpipe will lie on low side of the wellbore wall when weight is dominant whereas it lies on the sidewall if the tension is dominant. In other words, the
weight of the pipe appears to be dominant when BHA is moving inside a bend. Because In almost all cases the BHA are in compression and the tensile force is not high enough to overcome the weight of the pipe and keeps the pipe up in the bend (Fig. 3) .
Moreover, the stiffness of the BHA is a concern especially in this case that there are many stabilizers in the BHA and this makes it even stiffer.
For this reason, a criteria will be addressed which introduces the critical force to see whether tension or weight is dominated in the horizontal section of the wellbore.
If we assume the tensile force is dominant and with a good approximation, the pipe will be assumed weightless, it will bend toward the sidewall and the normal force can be written as:
In above equation the term
is very small and could be neglected.
If we assume weight is dominant, the pipe will lie on the bottom side of the wellbore. In this condition with a good approximation, there is no tension force and simply the normal force will become:
For the critical value, we assume equations (1) and (2) are equal and hence:
With introducing this term to the new model, we could greatly improve the under-prediction, which occurred when the effect of the weight especially BHA in the horizontal section has not been considered in the friction model.
Field Cases

Case Study I
The field data of a single run of drilling of a wellbore has been analysed. It is an ERD well with two build sections. Right after kick-off point the first build section will start then the trajectory will be held and again building the angle for the second time to have a 90 degree inclination at the end of this section continuing to horizontal section all the way through the formation. The last 350 m of this run is on drilling mode. So with this analysis we could investigate the whole three modes which are pipe slack-off, pipe pick-up and drilling. In this run also we had some sections that has been reamed and circulated. This means that we could also analyze the friction in that specific section which we have both up/down and rotation together. This effect has been addressed in the new model of Aadnoy et al. (2009) and had not been addressed in the previous models.
Wellbore trajectory profile
The well that has been considered for friction analysis is an offshore well in the North Sea. A single run in the reservoir section has been considered. The well start vertically with a kick-off point of approximately 350 mMD and a first build section from kick-off point to 1200 mMD. Then the angle of this build will be held at almost 30º±2º inclination until 2750 mMD. From this depth the second build section starts to build the angle from 30º±2º to 90º i.e. (horizontal section). Right after the horizontal section will start from 4500 mMD to the end. This well profile is a very good example for friction analysis as all different sections of well geometry exist including straight inclined, curved and horizontal sections. Fig. 4 shows the geometry of the well under consideration with casing shoe positions. For the run that we evaluate, the 9 5/8" casing is set at 3207 mMD with an open-hole section to TD at 5247 mMD, and where the last 360m were drilled. As a result we will investigate the friction analysis for three conditions of running in hole (RIH), tripping-out and drilling.
Tripping out
Fig . 5 shows the pick-up plot for this run. We start bottoms-up calculations with taking 100 m element from bottom-hole all the way up to the surface. We repeat the calculations for different friction coefficients. We considered two different cases for friction coefficients. First we assumed a single value for whole borehole. We changed the friction factor for 0.2, 0.3 and 0.4. For the second case we assumed different friction factors for open-hole and cased-hole sections. We kept the friction factor for the cased hole to 0.2 and changed the value to 0.2, 0.3 and 0.4 for open-hole. As it is clearly shown in the plot, the three models are perfectly matching the field data except for a hump that has been occurred from 2180 mMD to 3140 mMD. This section is a build section which starts with 30º and ends with 55º. Right after this section is casing shoe.
The models cannot predict the local increase in hook load, but there are some possible effects that should be further investigated. One reason is that it is a result of well geometry. In this interval there is a build section and building an angle of almost 25º over 960 mMD interval. Once the soft string models are applying and as they assume the pipe as a cable that lying on high or low side of the borehole wall completely, the friction force will be affected rather than to consider a stiff string that tolerate a bending moment in the bend sections.
The other reason could be due to cuttings accumulation. It means that any time that the pumps are off and cuttings begin to settle, the cuttings will not be stable until they have landed in the lower part of the intermediate build section. In this section, the problem is that after getting to the casing shoe i.e. where there is already extra cuttings accumulated owing to the increased annular diameter), the well has been circulated, but only one bottoms up. This is used to be a normal procedure because the general belief is that once inside casing everything will be fine. Actually one bottoms up won't evacuate the cuttings from a cased hole at these inclination. So after circulating one bottoms up , an annulus still quite full of cuttings will unload and the result is an avalanche down onto the top of the BHA; obviously not enough to pack off, but it may be enough cuttings to cause the increased friction as it can be seen in hump#1 section.
The second small hump#2 could be predicted by models, here is near heel section and the cuttings bed that could be removed by a single bottom-up waiting for the BHA to be dragged into. The models of course could not predict the cuttings bed. As a result it would be due to well geometry.
Running in hole
For the case of RIH if the models with the same conditions used in the POOH applied it will result in complete mistake. In the case of RIH, in some well the float valve is used. In this case the drillstring will be filled up with the drilling fluid a few times throughout the whole well interval. How long it takes to be filled-up again depending on the collapse strength of the pipe. In this well the pipes are filling almost every 1000 mMD of running in. As you could see in Fig. 7 in this case in each section that well is being filled up with mud there is a jump in the hook load and this jump is equal to the weight of the mud that has filled the pipe.
The buoyancy effect
In other words when the inside of the pipe is empty and there is mud on the outside, the buoyancy factor is completely different than for the case of both inside and outside are filled with mud. developed the equations to calculate the buoyancy factor for the cases when there are different fluids densities inside and outside drillpipe. The standard buoyancy factor is given by the following equation:
Otherwise, having different fluid density on inside/outside of the drill string, equation (5) is applicable, 1
And for a string composed of different pipe sizes with different unit weights, the overall buoyancy factor for the entire composite string is as follows: 
Whenever a float valve is used, and drill string is not completely filled with mud, the overall buoyancy factor has to be applied. Based on equation (6) a single buoyancy factor in the POOH case should be replaced by buoyancy factor profile in this case. This will greatly influence buoyed weight of the string in the wellbore and hook load and torque consequently. For this case study following buoyancy profile has been calculated in order to be used in the models to come up with hook load in tripping in situation. Fig. 6 shows the buoyancy profile while tripping-in in this well.
As it is shown clearly in Fig. 7 is the step changes in the field data are the results of changes in buoyed weight of the pipe while it is empty or filling with the mud. This demonstrates the importance of handling the buoyancy effect correctly.
This plot consists of two parts; from the surface to 2990 mMD and from this depth to the end. Hook load analysis for tripping out gave a good match between measured data and models using a friction coefficient of 0.2. Using the same friction coefficient for RIH gives a perfect match in the first 3000 mMD. But from this depth a discrepancy between the field and models can be observed.
As it is also clearly shown in Fig. 8 which is a back calculation of friction factor from field data, the pick-up friction factor is almost 0.2 everywhere except the interval that we introduced as hump#1 in Fig. 5 and explained the possible reasons could be behind that. Tripping-in graph shows that friction factor is close to 0.2 in the upper interval above 3000 mMD, but for the interval between 3000 mMD and 3500 mMD the friction factor starts to decrease gradually from 0.2 to 0.1. This means that something unusual in occurring in this interval. We applied the same friction factors as well through this interval and changed it gradually from 0.2 to 0.1. From the depth 3500 mMD to the 4890 mMD the friction factor is almost 0.1 and this means that the friction force is decreasing in this section while this is not the case for the tripping-out analysis. This is where assessing the axial forces on the pipe is important whether the pipe is in tension or compression. With looking at the pick-up data it is observable that drillstring is fully in tension while it is tripping throughout the wellbore. This means that the pipe is fully on high side of the wellbore and assumption of the soft-string models which have been used is valid.
The tripping-in pipe conditions is much more complex. As it has been analysed, the section started from 3200 mMD is in compression while the interval above this depth, pipe is in tension. Because the pipe is narrowly is changing between tension and compression and the pipe is neither on low side nor high side and a pseudo-catenary profile is forming and the friction is reduced dramatically as the contact force is diminishing and this is where the normal soft-string models could not predict. The friction force reduction is clearly visible with matching the field data with models with friction factor of 0.1.
Another effect that can be addressed is the acceleration of the BHA. Every time one stand has been run in hole, the string is stopped for connection. Consequently, the BHA has to be de-accelerated to stop. The effect of this de-acceleration will be a peak on the hook load every time the drill string is stopped for connection. Zooming in on Fig. 7 shows that the visible peaks on the hook load are spaced by about 30m. Also, note that when comparing Figures 5 and 7 the peaks are larger for RIH than for tripping out. This is what should be expected considering the direction in which the de-acceleration of the BHA takes place.
Drilling
During this run 360m of new formation were drilled. The hook load during drilling composes the last 360m of the hook load shown in Fig. 7 . During drilling tangential friction (i.e. torque) will dominate over axial friction. The result being that the effective friction coefficient in axial direction is reduced, and the hook load will increase towards static weight. The ratio between the axial and tangential friction can be calculated based on RPM, ROP and pipe diameters (Aadnoy, Fazaeli and Hareland, 2009 ). However, the calculated ratio should always be calibrated against real data. Therefore, hook load during drilling from different depth intervals would be desirable for good calibration.
The reason why calibration is required is that the axial tension of the drill string during drilling is different from RIH and tripping out. When the effect of the well path is significant, such as for this well, the axial tension will affect the average friction force in the well. Thus, the average friction coefficient during drilling can differ from the values observed during RIH and tripping out. Fig. 8 shows that the effective axial friction coefficient is reduced to approximately 0.05 during drilling.
Case Study II
Well Trajectory Profile
This well is a well in North Sea. The total measured depth of this well is 4948 mMD and True Vertical Depth of this well is 1580.44 m. This well has been designed to be a single build section after kick-off point following by a long horizontal section.
The KOP of this well is 415 mMD and the build section is from this depth to 2308.4 mMD and from this point forward until the target, which is 4948 mMD, is the long horizontal section. This well actually is a typical of shallow wells with long horizontal section. There is quite considerable side turn in the horizontal section that is of our interest to be analyzed from friction prospective. This case study is a well with quite a few turns in the horizontal section. The point is that do the different models could grasp effect of the change in azimuth? The discussion is that in the long horizontal section there are quite big turns. Fig. 9 shows the wellbore profile and azimuth and inclination change of the well under consideration.
Tripping out
The run under consideration for drag analysis is the one that the bit is tripping out from 4567.79 mMD to the surface. We performed the bottoms-up calculation for this well and we performed calculations with different friction coefficients 0.1, 0.15, 0.18, 0.2, 0.25, 0.3 and 0.4. The sensitivity analysis on different friction coefficients has been done in order to find the closest match with the field data.
The models reveal that from the depth approximately 2500 mMD the deviation from the field data starts. With a careful look at the azimuth change in the well profile, it could be seen that more than 70º azimuth change has happened between 3000-4000 mMD in the well profile. Fig. 10 shows the friction factor back calculation from the field data. As it can be seen from the graph, friction coefficient of 0.2 is the friction factor we are expecting to match with model. The extra friction factors from 2500 mMD to 4000 mMD is due to high turns in the well path which promote friction in the wellbore specially when stiff string i.e. BHA is dragged up in the wellbore. The BHA in this well is a packed one with eight stabilizers in 128 m length. Moreover, as Fig. 11 shows higher hoisting speed in the interval of 2500 m-4000 m i.e. 28 m/min compared with the lower interval below 4000 m i.e. 7 m/min. This brings about a higher friction factor because of pulling full-gauged BHA with higher speed. The drilling fluid that is moving down as the pipe is moving up does not have enough clearance to pass and this creates some friction in the wellbore. The lines with different colors are average hoisting speeds throughout the well at different sections. In addition the lower friction values below 4000 m is due to much lower tripping speed (i.e. almost a quarter of the section 2500m-4000m) and also the azimuth change in this part of horizontal section is much less than the section above. These two factors together brought about lower friction values in the last section of the wellbore. Fig. 12 shows the hoisting plot for models versus field data comparison. The best match between modified new model and field data is taking place at friction coefficient of 0.2 while Johancsik model overpredicts friction of this specific wellbore profile.
Tripping in
For this case study, the run, which is from surface to the 3017 mMD, has been considered. The important point in that there are three step changes in the lowering hookload plot. These step changes are because the pipe is lowered to a certain depth and then is filled-up with mud not to exceed collapse pressure of the pipe. In this case, inside the pipe is air and outside is mud and the overall buoyancy factor cannot be applied. developed the equation to calculate buoyancy factor when there are different fluids inside and outside drillpipe. For this reason, the buoyed weight of the pipe is different from point to point while lowering the pipe inside the borehole. Fig. 13 shows the buoyancy profile of the run for this well. The drillstring was filled-up with drilling fluid at depths 1018 mMD, 2202 mMD and 3017 mMD. Usually the wells in North Sea are filled-up every 1000 mMD.
Based on Fig. 13 a single buoyancy factor in the POOH case should be replaced by buoyancy factor profile given in this plot for RIH.
The same as what we did for hoisting friction, the hook load while tripping-in and the best match between field data and modified model took place at friction coefficient=0.2. Fig. 14 shows the lowering hookload plot along with the models. Here the new model applied once for real 3D well and once with 2D well while keeping azimuth constant. There is not much difference between these two friction curves except from the heel until final lowering depth where side turns in the horizontal sections affect friction. When the weight effect explained above, is introduced into the model and the amplification of the friction in the horizontal section captures, then this modified model perfectly match with the field data from surface down to the final lowering depth. The Johancsik (1987) model also has been applied and calculated for the well under consideration. This was done to have an idea of the model, which is used, in most of simulators nowadays.
The comparison of the modified model and Johancsik model shows that the modified model could match at friction factor of 0.2 while Johancsik model could match with much lower value that is not realistic. This means that our model seems to have a more realistic picture of the friction and Johancsik model has overprediction of friction and has to be modified. Moreover, the modified model gives the same friction factor i.e. 0.2 for both tripping-in and tripping-out friction analysis.
Drilling
Drilling took place from 3017 mMD to 4948 mMD. During the drilling operation, the rotational speed is much higher than axial speed; hence, the axial friction is reduced significantly. In other words the axial friction i.e. drag is not a concern and rotational friction i.e. torque will be important to be considered.
Moreover, during drilling operation the axial friction will be reduced dramatically. This effect has been introduced by an angle, which is defined to be proportionality of the hoisting/lowering speed to the tangential speed due to rotation (Aadnoy et. al. 2009 ). Also Mirhaj et. al. (2010) has analyzed a field case study that back-calculated the friction factor during drilling from field hook load and the result showed a friction factor of 0.05 for drilling interval while it was 0.2 for lowering and hoisting in that well. In this field, study also is in agreement with the angle and previous case study and a friction coefficient of 0.01 is needed to give a good match of the field and models data.
Aadnoy et. al. (2009) introduced a new model for combined axial and rotational motion of the drillstring (i.e. drilling) which introduces a sinψ in the equations of the straight sections and curved sections. During drilling, because the axial motion i.e. ROP respect to rotational speed (RPM) is much slower, ψ angle will be very small and sinψ is small. This is in a good agreement with matching friction coefficient we calculated from other models.
The friction coefficient of 0.01 will reduce the effect of bend that exist in the same interval during hoisting. This is the reason that the modified new model and Johancsik model are all very close and are in good agreement with field data. Fig. 15 shows the comparison of the field data and models for drilling interval. Due to friction in the wellbore always, there are some weight losses from surface to the bit and this means that the whole weight applying at the surface will not be transferred to the bit. This weight loss will be determined by using a friction model . For simplicity, we assumed that whole weight on bit at surface would be transferred to the bit.
Conclusion
The following conclusion has been taken from this work:
 The three different models applied in this study are shown to be consistent and give a close match.
However, the new model has proved to handle a 3D dogleg in a much simpler way.
 The friction analysis inside the wellbore should be carefully performed. Correct assessment of buoyancy and the effect of the well path are shown to be critical for calibrating the friction coefficient.
 The friction force analysis demonstrates the difference between rotating the string and not rotating the string. Rotation not only changes the direction of friction force, it also results in a change of axial tension that may change the total friction. Proper calibration is required to determine the effective friction coefficient.
 The side turn in the horizontal section will have contribution to the friction force. This is even much more when BHA is dragging into the big side turn up/down. Because soft string models cannot capture the stiffness and bending moment of the pipe, which contribute to the normal force and hence amplify the friction in the wellbore while tripping in/out.
 During hoisting and lowering operations, the correct position of the pipe in the wellbore especially in side turns is complex and depending on the position, the forces acting on the pipe are whether tension or 
